Alpinia katsumadai Hayata (Zingiberaceae) has been used as an anti-emetic medicine and to treat gastric disorders in Oriental Medicine. Previous phytochemical investigations of this plant have resulted in the isolation of various diarylheptanoids, kavalactones, flavonoids, stilbenes, monoterpenes, and sesquiterpenes. Some of these compounds have antioxidant, anti-emetic, antiviral, and cytoprotective effects. This review paper discusses the structural characterization of the chemical constituents of A. katsumadai, as well as the biological activity of pure constituents of this plant material.
The seeds of Alpinia katsumadai Hayata (Zingiberaceae) have been used as an antiemetic agent and an aromatic stomachic in Oriental Medicine [1] . A. katsumadai is widely cultivated in south and southeast Asia [2a,b] . The seeds of this plant are recorded in the Korean pharmacopeia as Alpina Katsumadai Seed (Cho Dou Kou in Korean) and are removed from pericarp [2c] . Previous phytochemical work on this plant has resulted in the isolation of various chemical constituents such as diarylheptanoids, kavalactones, flavonoids, stilbenes, monoterpenes, and sesquiterpenes. Some of these compounds have antioxidant, antiemetic, antiviral, and cytoprotective effects. This review paper summarizes the research on the structural characterizations of the chemical constituents of A, katsumadai, as well as the biological activities of pure constituents of this plant material. Alpina Katsumadai Seed is a mass of subspheroidal seeds, 15 mm to 27 mm in diameter. The external surface is grayish brown with yellowish white septa in the central part dividing the masses into three groups, each having numerous sticky and closely agglutinated seeds. Each seed is ovoid-polyhedral, 3 mm to 5 mm in length, about 3 mm in diameter, and covered with pale brown membranous aril, with raphe occurring as a longitudinal furrow and hilum present at one end. Texture is hard. When cut in half longitudinally along the raphe, the seed is oblique cordate in shape. Testa extending inward along the raphe occupies about 1/2 of the surface area. Endosperm is grayish white. Alpina Katsumadai Seed has a characteristic odor and a pungent, slightly bitter taste.
The characteristic botanical features of Alpina Katsumadai

Characterization of the constituents from A. katsumadai:
Previous phytochemical investigations of A. katsumadai have resulted in the isolation of various diarylheptanoids (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) , kavalactones (25-29), flavonoids (12-22, 30-44), stilbenes (23-24), and terpenoids (50-60), as shown in Figure 2 . In a recent study on this plant in our laboratory, seven new diarylheptanoid derivatives, namely, (3S,5S)-alpinikatin (3), (-)-(R)-4''-hydroxyyashabushi-ketol (4), katsumain C (32), 7-epi-katsumain C (33), ent-alpinnanin B (34), ent-alpinnanin A (35), and ent-calyxin H (37), were isolated from an ethyl acetate extract of the seeds of A. katsumadai together with three known compounds, alpinnanin B (36), epicalyxin H (38), and calyxin H (39) [3a] . Each isomer mixture of 32 and 33, 34-36, and 37-39 was separated successfully by preparative HPLC using a chiral column. The structures of the new compounds, 3-4, 32-35, and 37, were elucidated from spectroscopic data analysis including 1D and 2D NMR experiments. Absolute configurations of 3 and 4 were resolved by Mosher's esterification [3b]. The absolute stereochemistry at C-3 and C-7 of 32-35 and 37 was also determined by comparing the proton splitting patterns of H 2 -4 in the 1 H NMR spectrum and the optical activities with those of epicalyxin H (38) and calyxin H (39), according to the previously published method [4, 5] .
Biological activities of crude extracts of A. katsumadai:
An ethanolic extract of the seeds of A. katsumadai exhibited remarkable non-opioid receptor-mediated analgesic effects via cyclooxygenase-2 inhibition [6] . The ethanolic extract also attenuated oxidative stress and asthmatic activity in a mouse model of allergic asthma; this finding suggests that this plant may have applications in the treatment of asthma [7] . In addition, the extract showed neuroprotective effects against neuronal damage in ischemic damage [8a] . A. katsumadai extracts exhibited in vitro inhibitory activity against influenza virus infection and hemagglutination, indicating that these extracts have strong anti-influenza virus activity that can inhibit viral attachment and viral replication [8b]. A total extract of A. katsumadai also dose-dependently enhanced the activities of superoxide dismutase, catalase, and glutathione peroxidase, showing that A. katsumadai contains significant antioxidant activity [9a] . (1) Anti-emetic activity: copper sulfate induced emesis in young chicks [9b] (3S,5S)-Trans-1,7-diphenyl-3,5-dihydroxy-1-heptene (2) Anti-emetic activity: copper sulfate induced emesis in young chicks [9b] (3S,5S)-Alpinikatin (3) [3a] (-)-(R)-4''-Hydroxyyashabushiketol (4) [3a] Alnustone (5) Anti-emetic activity: copper sulfate induced emesis in young chicks [9b] (4Z,6E)-5-Hydroxy-1,7-diphenyl-4,6-heptadien-3-one (6) [10a] 1,7-Bis-(4-hydroxyphenyl)-3-hydroxy-1,3-heptadien-5-one (7) [10b] (3S,5R)-3,5-Dihydroxy-1,7-diphenylheptane (8) [10c] 1,7-Bis-(4-hydroxyphenyl)-3-hydroxy-1,3,6-heptatrien-5-one (9) [10b] (5R,6E)-5-Hydroxy-1,7-diphenyl-hept-6-en-3-one (10) Anti-emetic activity: copper sulfate induced emesis in young chicks [9b] (5R,6E)-5-Hydroxy-1-(4-hydroxy-phenyl)-7-pheny l-hept-6-en-3-one (11) [2b] FLAVONOIDS Gossypetin (12 (17) Anti-bacterial activity [9b,10a,10c] 7,8-Dihydroxyflavanone (18) Cytotoxicity: human liver cancer cell lines (A549 and K562)
[12c] 4',7-Dihydroxy-5-methoxy flavanone (19) [12d] Liquiritigenin (20) Estrogenic activity [12e] Naringenin (21) [11a] Pinocembrin (22) Anti-emetic activity: copper sulfate induced emesis in young chicks Cytoprotective effect: free radical scavenging effect (24) [2b] KAVALACTONES 5, [10b] 4'-Hydroxydehydrokawain (26) [10b] Katsumadain (27 6, 10, 15, 19, 10, 14, 3, 5, 22, (60) Inhibitory effect of ICAM-1/LFA-1: mediated cell adhesion to effectively inhibit the adhesion and infiltration of blood cells (preventing and treating diseases caused by ICAM-1/LFA-1 mediated cell adhesion) Inhibitory effect of GPAT: induces metabolic diseases (preventing and treating obesity, type-II diabetes, dyslipidemia, insulin resistance, hepatic steatosis, non-alc. fatty liver) [17] [18] Biological studies of chemical constituents from A. katsumadai: Constituents from A. katsumadai have demonstrated a variety of biological activities. In the following paragraphs, the effects of these compounds, such as anti-emetic activity, cytotoxicity to cancer cells, anti-viral activity, antioxidant activity, and heat shock factor 1-inducing activity, will be discussed. This information is summarized in Table 1 .
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(3S,5S)-trans-1,7-diphenyl-3,5 -dihydroxy-1-heptene (2) OH OH (3S,5R)-3,5-dihydroxy-1,7-diphenylheptane (8) O alnustone (5) (4Z,6E)-5-hydroxy-1,7-diphenyl-4,6-heptadien-3-one (6) 1,7-bis (4-hydroxyphenyl)-3-hydroxy-1,3-heptadien-5-one (7) 1,7-bis (4-hydroxyphenyl)-3-hydroxy -1,3,6-heptatrien-5-one ( (17) naringenin (21) pinocembrin (22) liquiritigenin (20) 7,8-dihydroxyflavanone (18) 6,10,15,19,23-hexamethyl-6,10,14,18-tetracosatetraene-2,3,22,23-tetrol (59) OH OH HO OH (6E,10E,14E,18E)-2, 6,10,15,19,23-hexamethyl-6,10,14,18-tetracosatetraene-2,3,5,22,23-pentol ( Anti-emetic activity: In Oriental Medicine, the seeds of A. katsumadai are used as anti-emetic agents. A screening method to evaluate their anti-emetic activities was established and performed using CuSO 4 -induced emesis in young chicks [9c]. Five diarylheptanoids, three flavonoids, and one sesquiterpenoid were evaluated for anti-emetic effects. (3R,5S)-Trans-3,5-dihydroxy-1,7diphenyl-1-heptene (1), (3S,5S)-trans-1,7-diphenyl-3,5-dihydroxy-1-heptene (2), alnustone (5) , and (5R,6E)-5-hydroxy-1,7-diphenylhept-6-en-3-one (10) at doses of 10 mg/kg, 20 mg/kg, and 50 mg/kg showed dose-dependent inhibition of CuSO 4 -induced emesis in young chicks [9b] . Two diarylheptanoid derivatives were also tested for their anti-emetic activities in the same bioassay system. Katsumadain A (28) showed dose-dependent inhibition at doses of 10 mg/kg, 20 mg/kg, and 50 mg/kg, while katsumadain B (29) showed significant anti-emetic activity at a dosage of 50 mg/kg [12f] .
Cytotoxicity to cancer cells: The cytotoxic activities of three monoterpene-chalcone conjugates (40-42) isolated from the seeds of A. katsumadai were evaluated in the human cancer cell lines HepG2 (liver cancer cell line), MCF-7 (breast cancer cell line), and MAD-MB-435 (breast cancer cell line). Sumadain C (40) showed potent activity against these three cell lines with IC 50 values of 13.00, 15.93, and 12.78 μg/mL, respectively. cis-Platin was used as a positive control for cytotoxicity, producing IC 50 values of 13.18, 31.91, and 16.39 μg/ml, respectively [14a] .
Antioxidant activity: Accumulation of reactive oxygen species (ROS) in neurons results in DNA damage and cell death, so that antioxidant activity is one of the desired characteristics of neuroprotective drugs. (+)-Catechin (16) and pinocembrin (22) showed potent neuroprotective effects on glutamate-induced neurotoxicity and ROS generation in mouse hippocampal HT22 cells [12b].
Induction of heat shock proteins and heat shock factor 1:
In a recent study of the seeds of A. katsumadai in our laboratory, the inductive activities of the diarylheptanoid-chalcone conjugates for heat shock factor 1 (HSF 1) and heat shock proteins (HSPs) was investigated. HSPs have cytoprotective effects in neurodegenerative diseases and in other types of cellular damage. HSF 1 plays a key role in the cellular response that leads to the expression of HSP genes under stress conditions. The three isomer mixtures (32 and 33, 34-36, 37-39) at 1 μM increased expression of HSF1 with fold increases of 1.438, 1.190, and 1.316 , respectively, which was accompanied with increased expression of HSP27 (1.403-, 1.250-, and 1.270-fold, respectively) and HSP70 (1.373-, 1.313-, and 1.229-fold, respectively), without cellular cytotoxicity, suggesting a possible application of these compounds as HSP inducers. Celastrol was used as a positive control of HSP induction and produced fold increases of 1.066 (HSF1), 1.216 (HSP27), and 1.371 (HSP70) at 1 μM [3a] .
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Anti-viral activity: Neuraminidase inhibition is the main strategy to fight global pandemic influenza. The neuroaminidase inhibitory activities of five diarylheptanoids and one sesquiterpenoid were evaluated. Katsumadain A (28) was the most promising compound, showing in vitro neuroaminidase inhibitory activity in the low micromolar range against human influenza virus A/PR/8/34 of subtype H1N1 [13] .
Conclusions: As shown in this review paper, diverse chemical constituents isolated from the seeds of A. katsumadai and their biological activities have been studied intensively. The findings suggest that constituents of A. katsumadai could be lead compounds for the development of drugs that have diverse therapeutic effects.
